We compute cosmic microwave background angular power spectra for scaling seed models of structure formation. A generic parameterization of the energy momentum tensor of the seeds is employed. We concentrate on two regions of parameter space inspired by global topological defects: O(4) texture models and the large-N limit of O(N) models. We use 2 tting to compare these models to recent at-band power measurements of the cosmic microwave background. Only scalar perturbations are considered.
PACS: 98.80-k, 98.80Hw, 98.80C
In ation and topological defects are two families of models to explain the origin of large scale structure in the universe. In models with topological defects or other types of seeds, uctuations are generated continuously and evolve according to inhomogeneous linear perturbation equations. Seeds are any non-uniformly distributed form of energy, which contributes only a small fraction to the total energy density of the universe and which interacts with the cosmic uid only gravitationally. We are particularly interested in global topological defects playing the role of seeds.
Cosmic microwave background (CMB) anisotropies provide a link between theoretical predictions and observational data, which may allow us to distinguish between in ationary perturbations and defects, by purely linear analysis. On large angular scales, both families of models predict an approximately scale-invariant HarrisonZel'dovich spectrum 1,2]. For in ationary models this can be seen analytically. Scale-invariance for defects was discovered numerically 3{5]; simple analytical arguments are given in 6]. At small angular scales (0 :2 < < 1 ), the predictions of in ation and topological defects are di erent. CMB observations at these scales may soon be sensitive enough to distinguish the two families of models.
In a recent work 7], two of us investigated the general behavior of CMB anisotropies induced by seeds. Here, for simplicity, we restrict ourselves to scalar type perturbations. Thus, the models presented in this work are not close approximations to the O(4) texture model for which the Sachs-Wolfe (SW) plateau is dominated by vector and tensor modes 8, 9] .
This restriction does not render our work uninteresting. There may very well be models with scaling seeds leading to small vector and tensor contributions, e.g., due to symmetry constraints (spherical symmetry) or in models with non-relativistic seeds. Here, we assume a completely phenomenological standpoint: we investigate whether models with purely scalar seeds can reproduce the data. In subsequent work we plan to study how severely vector and tensor contributions are restricted by the data.
In our models, we characterize the energy momentum tensor of the source by four seed functions which we term f ; f p ; f v ; and f , de ned by (see 10, 11] (3) where denotes the Laplacian and j is the covariant derivative with respect to the metric of three space.
M is a typical \mass", or energy scale, of the seeds. The gravitational strength of the seeds is characterized by the dimensionless parameter = 4 GM 2 . The superscript (s) indicates that only the scalar contribution to i0 and ij is included here. Since seeds interact with other matter components only gravitationally, the seed functions satisfy the covariant conservation equations 10] _ f ? f v + (_ a=a)(f + 3f p ) = 0
where a is the scale factor and dot stands for derivative with respect to conformal time t.
We de ne \scaling seeds" to be seeds for which the power spectra hjf j 2 i(k; t) are, up to an overall power of t determined by dimensional reasons, functions of x = kt only. Thus, the power spectra of the functions f are of the form
hjf j 2 i = t ?1 F 2
hjf v j 2 i = t F 2
hjf j 2 i = t 3 F 2 4 (x) :
Furthermore, we require that the seeds decay on subhorizon scales. This behavior is found in simulations for the seed functions of global textures and is also supported by the large-N limit of global O(N) models The gravitational action of the seeds is determined by the induced Bardeen potentials, which are not only due to the seeds but also contain contributions from the matter and radiation uids. Once the uid perturbations and the Bardeen potentials are determined, one calculates CMB anisotropies by standard methods for each model parametrized by (A 1 ; 1 ; n 1 ; A 3 ; 3 ; n 3 ). For details see Ref. 7] .
In this letter we present the results of a parameter study and we t to the observational data available. We compare the anisotropy power spectra obtained in our models with observations. The cosmological parameters used are h = 0:5; B = 0:0125h ?2 ; = 1 and = 0. We are thus considering scaling seed models in the context of at cold dark matter universes.
We investigate two types of models. In the rst one we choose n 1 = n 3 = 2; a choice supported by numerical simulations of global textures 4]. We thus refer to these as \texture models". In the second one we set n 1 = 5=2 and n 3 = 7=2; a result obtained analytically in the large-N limit of O(N) models 12] . Therefore, we call them \large-N models".
We set the arbitrary normalization by xing A 1 = 1 and we vary A 3 (= A 3 =A 1 ). To make the calculations feasible, we further reduce the remaining 3-dimensional parameter space (A 3 ; 1 ; 3 ) to 2-dimensions (A 3 ; 1 ), by setting 3 = 1 =2. Thus, our ts are displayed as contour plots in the 1 ? A 3 plane (see Figs. 3 and 4) . We have also investigated 3 = 2 1 and obtained qualitatively similar results.
For xed parameters A 3 and 1 the rst acoustic peak for the \large-N models" is generally at smaller`and has a lower amplitude than for the \texture models". This is understandable, since in the former case the seeds decay faster once they enter the horizon. Similar behavior is obtained by increasing 1 in either the \texture" or \large-N" models with xed A 3 (see Figs. 1b and d) .
The A 3 dependence is qualitatively similar for both types of models. For A 3 < 0, the relative amplitude of the acoustic peak, with respect to the SW plateau, decreases as A 3 decreases (see Figs. 1a and c) .
There is a particular value of the constant A 3 for which the coe cient of the 1=x 2 In our exploration of parameter space we vary ?10: A 3 +3:0 for \texture models" and ?1:2 A 3 +0:5 for the \large-N models". For 1 we choose the parameter range 0:001 1 0:501 for \texture models" and 0:001 1 0:141 for the \large-N models". We normalize the power spectra at`= 10 by tting to the data.
FIG. 2.
Flat-band power measurements used in this analysis. The best-t models of two scaling seed models are also shown: one most relevant to \textures models" (Fig. 3) and the other for \large-N models" (Fig. 4) .
We use 2 tting to compare our models to recent at-band power measurements of the CMB. The method and a compilation of the data is described in detail in 15]. The most recent data and improvements to the 2 method are described in 16,17]. Fig. 2 plots the data used along with the best-t power spectra for the two types of models described above. These best-t models are indicated by the \X" in Figs. 3 and 4. Fig. 3 is a contour plot in the 1 ? A 3 plane for \texture models" while Fig. 4 is the analogous one for \large-N models".
There are 32 data points and 28 degrees of freedom (28 = 32 -2 ( tted defect parameters) -1 (normalization) -1 (sliding Saskatoon absolute calibration)). The \texture models" yield a 2 minimum value 2 min = 26:7, while the \large-N models" yield 2 min = 27:1. Thus the ts are reasonable.
To interpret our 2 ts we rst note the following: if perturbations decay fast enough, the height of the rst acoustic peak is determined by f +3f p A 1 =4, while the SW plateau is xed by A 4 . The 2 is then not expected to be very sensitive to . This indeed is seen in the \large-N models" for 1 > 0:03 (Fig. 4 and also Fig. 1 b) . In the \texture models" we expect a similar behavior, but for larger values of 1 , since in this case the seeds decay more yslowly. Fig. 3 hints that the threshold is 1 0:4. For this model, the scalar contribution to the SW plateau is 1:5 2 at` 10 and the height of the rst acoustic peak is about 5 2 . On the other hand, full simulations, which include vector and tensor modes 4], lead to an amplitude of the SW contribution on the order of`(`+ 1)C` 8 +4 ?2 2 . Therefore the vector and tensor parts contribute about 80% to the SW plateau, while they are not expected to in uence the acoustic peaks. In the full texture models, the acoustic peaks are thus expected to be substantially too low to t the data. This result was pioneered in 8] and has now been con rmed by full numerical simulations 9]. In Ref. 9] decoherence 18] has also been taken into account, which further reduces the acoustic peaks without in uencing substantially the SW plateau.
The fact that we obtain a parameter range compatible with currently available observational data is clearly not in contradiction with the result of 8] and 9], namely that the acoustic peaks for the conventional O(4) texture model are very small or even completely absent. model with topological defects can t the data. We wanted to investigate, whether present observations of CMB anisotropies can already rule out a generic class of seed perturbations constrained just by energy momentum conservation and scaling arguments. Our analysis indicates that the answer to this question is no.
As a continuation of this work, we plan to include vector and tensor perturbations as well as decoherence in our models. We also want to study whether there are more severe restrictions on defect models than just energy momentum conservation and scaling; for example, to see whether the vector component always dominates the level of the SW plateau.
